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(57) Abstract 

A microchip loboratoiy system (10) and method 
provide fliiidic manipulations for a variety of applica- 
tions, including sample injection for microchip chemi- 
cal separations. The microchip is fabricated using stan- 
dard photolithographic procedures and chemical wet 
etching, with the substrate and cover plate joined us- 
ing direct bonding. Capillary electrophoresis and elec- 
trochromatography are perfonned in channels (26, 28, 
30, 32. 34. 36. 38) formed in the substrate. Analytes 
are loaded into a four-way intersection of channels by 
clectrokinetically pumping the analyte through the in- 
tersection (40). followed by a switching of the poten- 
tials to force an analyte plug into the separation channel 
(34). 
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M^gWJlAnONS FOR CHEMICAI. ANALYSIS AND SYNTHESIS 
nB.AC05.MOim«0 ««d«. by .h. U.S. D.p«n«. of E«K>r » Mmn M»«» 



The present invenaon relates generally to ^w«.iiv 
. , 1 7 I«nicl sensing and synlhcsU and. ntore spedfiadJy. to dectncaUy 
chemical -^y!*^' ^'^'^^ r^."*'^^^^ channels. These m«upu>ations «n 

,3 iTLZZ^f^Z^^^ ^^^^ "graphy. ^o. injection ««lys.. -nd 
chcnucd reaction and synthesis. 



ft^^Vp irnund r *'th7 invention 



^ .■ „ ™„kK BDCwive ™il)ii«nt. speddiMd lab> end hghly 

'^c'l^ir^^"* <^ 

30 dcieclton and data processing. i- subjected to one or several 
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. . ,. . ~««n. Craivwitioml robotic dwices hwe been adapted to 
' dSl C^il tbeae de*« a„ «^ con^'-ed. «^m»^ 

»U,i.d, amall euntber of r«ea«b and dewlopme« ptognm«>. "^"^ 

^ eviipment, U toited in its .pitouo" t» . smaU mm.i« ot »P«> 

Tbc deand-ility of ecploiti.* .he .»h««>8« of b«8««' " • 

. ^ of laboratory .ppScMion. baa led to pcopoiala that BKb w«an> be 

^o„ oft cJ^ otbi«»«Ha witb tbe hop. *e, might «« the StK* 
L"c^. « cb^mC « "omoi^ule. tb- are c».p.ed to ne. 

^^dl^ll* a. electrocheniat., and optica «. .n«doc ch-iC ^ 

U^ely. bio««o,s have been a conune^ial di»PP0..tm««. ^"yj^ '° 

^^S«d product, were av^l-.!. in W«. """■"'"S «» " 
rnr?rS.n Mo« .baenr.™ ag« that thia Mure is phf-nly tc^nolo^cM 
Tb^ ^ . Intetp^tati-m t n-arto potential In iact, ^ 

„ :raat^^^ for - '"S. ^ «=»f •^'^ 
25 such a« masa coKumption and waste generation, mi 

''T*. eaH, .99.S. people ^ to discus, .be possibili., ^ «^'B 

-■r- r-tx^-t :::trit ^b. po..*. .o i.,..g™t. ..o^e 

" . f ^ den»nts neccssanf » process chemtol or 

« :rL"™r::^:r:tLn.,he:,y«e.s..o.^^^^ 
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sy^cm have not met with success. This is ptin-rily bea«»se precbc mBiup«brio« of 
^rJdvoh»mesine«.«ncly«am^ch«»dsh« 

^ One prominent fidd susceptible to miniaturization is capiflanr 
eIect«.pho«sU. Capillarydectropho^sishasbecomeapop^d^t^^^^^ 
chaj molecular species in «,lu»io. The technique is pcrfonned m «^«P'»^ 
reduce band bn.«leni„g difecw due to thermal co«vea.on -^ ^^TZ 
resohnng power. The smaU tubes Imply that mimrte volumes of materuls on the order 
of nanoliters. must be handled to inject the sample into the sepamtion cspIUary tube 

Cuirem techniques for injection include electromigration and siphomng of 
sample from a container into a continuous separation tube. Both of these techni^^ 
from relatively poor .eprodudbility. and electromigration "^^^^^^^ 
electrophorctic mobility W bias. For both sampling techniques tl»c mput c»d of the 
analysis capillary tube must be transferred from a buffer reservoir to a ™ Mdmg 
theUle. Thus, a mechanical manipulation is invoWed. For the siphomng mjecUo^ 
t sample reservoir Is raised above the ^r reservoir holding tl.e -ot end of the 

Mpillaiyfcrt fixed length of lime „^„,i„ 

ita de««migr«io. injecUon U effected by ipptying « -PPrapnudy 

poUn»d deetrid po,»«l>' «"» «" tube fbr . gi,«, »Me 

20 e^t^ «.d of the »pB"y '» >" «» ThU c«> lead «. »mplmg h« 

dl.p.oponi»«td, targe, of the .peeie. «.h hg...r de»^^ 

„0MiUes.ni8«eta,..h.«*e. Th.e.pill«,U™~«dlh.„.h.s.».pte™»d 
r^ed J the e«™« tairer ««™» Ito the i-jecuo. for boU, 

„ ^ ^^.^ ^ ^ ««h.d, »d .pp«.u«. ^ lead ,0 

impnwal dectrophoretle resohrtton ind improved ^ecfion t^Mty. 



IS 



i'^'^"^''™!. provide, .^crochip ^ ^ 

,0 method. Ib« now eomptoc bioche»dciI end ehenicd to b. «»«toc..d o. . 

und« dectrotie co«.o.. The .-crodtip Uboreton- ".npn^ . 

X^^. » . microchip, the oto^nem of the o-»id. « d«ec.^ 

the dectric fidd. p™d.e«l in the ,n«gr.>ed d«n»=l. 1*. P««» 

u. Invt^MM . d«Sred biocharid or chenicd procedoie. 
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lalyzes 



V • .1 in * predse Md reproducible r«nr.er. 

,^1,^ chemical matcnals w » P of rcseivoin thai store 

, in - ^ one of the transported 

electrical potential, luch that maienai -savoirs. The transportation of 

^ Chant..!. '^^^^^ «or, selected cher^c. or 

the material through the channels provides ^^^^ ^^^^ 

physical environments, thereby resultmg in the synthesis or « y 
10 material. ^referablv also includes one or more 

. double "^'^ ^ „u. . «P««ion 
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w ft, rtl»r«ser«ir after a selected yolur.« Of ii-terUI from 
first tater««tionand«wanlthefouTOn^^ ^ .^^^^ 

tiu, first inteBectian i. transported ^ ^ ^ ^^on 



analyti 



gystcm »rwttaneau5iy •jv— 

' ... »t._* vnhimB of xnatenai 



15 



20 



reservoir, luch that the volun» of tnaw^ " controlW solely by the 

,0 second rese.0. ^^^.^^^^^^^ ^^'T^ 
„«,vcmcnt of a matend from a *^J^ ^^e nmterial tnmsported 

^terial moved through the thud reservo. to «tect jy 

the first res^volr is directed ^^^^^^^^ ^ «, . .aWe or a 
U,efir« reservoir. A- such, the nuerod«p^- 

*at selectively control, the "^^t X-d to act as a dispenser that 

The microchsp flow ^^^^^"^^T^^ the intersection toward the second 
p^s the first n-terial from ^ through the intersection. 

Lrvoir aft- aselected volumeof ti^i^^^^ as a diluter 

AlternaUvely. the microchip flow cont«^«- ^^^^ . ^.nner that 

.Hat nn.es the fir^ -^J^^^^H^' leHals 
simultaneously transports the first ana se«. 

second reseivoir. . g^,ures of the invention wiU 

become apparent from the ^^e ir.vendon. 

with the annexed draviings. dtsdoses preferred emDo 

B^i"^^^^^^^ view of a preferred embodi,nent of the present 

invenUon; ,,iaroed. vertical sectional view of a diannd shown; 

Z^ T. tZl:Z Of a n^croCp s^rd.. « a second 

p^erred embodiment of the ^^^^n region of F.gure 3; 

' a n^anal^e moving through the 

Figure 5 are CCD images of a plug ot areuyv 

35 todsection of theFigure30 embodiment; 



25 
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ofrigUK>«.Priw">"«')*'^"^°" i™„ of the same »<« depicted 

Pipire Kb) •» a CCD Suoiescetice unaje uken of tlie saitte 

1- ^.Mi.iifefeitedeiiibodmuaitMcotdingtolhepiejciitim'eiiticiii; 

*Cr^i. .«h»-6c,i«.ot.CCD.««nviewor.he 

Figure 13W it • CCD Ouotescence image taken ot lite 
. . J- ia_.,.lW.1 after sample Uuding lit the pinched mode; 

depicted in Figure USfih * wtcpn of the same area 

riBiitsl3(c>13(e)a«CCDIU««sce«»miage8talceiioflhes»ne 

. ■ 1» Rm« 13(.). »e<f.e.«i.lly .ho«ing a plog of »«U«e movitH f 
dep^t.^ » Rg»« >3(a). "V ^^j^ ,o the ™. mode; 

"'"^•^•""Zrtr.re eiecuop..™^ " O'^''!^^ "^^ 

,„ cm ftor the point of injection fo, thodamine B C-sa «t..ned, ^ 

30 «^Htodamine(mc™r«.i.»^^ ^ ^ 

, is *o»i«g vaiiaion of th. plate num.« «ilh ■ cfc-mel 
dectroph^^ of BJ^.^. *^ „„,*odamin. (s<,u.re «ith plus) ^ 

totgOt fcr Aod™- '^°2tS,Lt .near « (soUd lines, ftr .«* »w*te; 

"'^'^'^^r:,^ iat' r^;::Lg». of -.odamme B and «„o«.ccin ^.h 

. sepanttio. field sttength of 1 .5 IcV/cm and a sep-Uo. length of 0.9 mm; 
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^or«^u ^^^^ ,^ ^^^^^^ 

29 *ow. «. *«™p»e™»»" °f *^ 

Figure :» 1 » manipulations, and 

fluidic manipulations of Figure 23. 
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^ L p™«n » be vemUl. dl^v. in «n^«i.i "-".^ " 

microftbricatcd laboratory systems. 

The present invention provides the tools necessaiy to of 

riectrokinetie pumping not only in separations, but also to perfecm Uquid handing that 
elecUolonetic purapuiB / r chenical conversions or 

r . .^P «nK«.. i. U po»-«. » 

*° J fca^ems. incubate reaction corniwnents, direct the 

" i"n:r:n::s«. "^-^ ^' 

't:n^-— c», n»a. ^ of 

thus »»tu<tes m « -"Bte dtclroplKwsis jy««ns. md d.1. 

^ -^-^ :r^«rSr"is t «i - .n ^« is 



T 
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^- .«.H*taabelow Each lescwir 12-22 i> in Md coinmunication with a 
„ <»«/J^^"3^^3^,^ ^ 3« Chanel system 24. Th. first 

««=tionch«iAerorchannd .42. Thcfifthch«nd3 ^^^^^ ^ . fo^. 

the 



connected to the secono ^ — ™ 

15 ground- Such a voltage conu voluge osntrotter is 

and multiple rdays to obt«n the ^dectable \^*^'S*/*ltvoriI-22ty voUage lines 
connected to ^ electrode posiUoned in each of the «x ^j^^sU 22 J 
V1.V6 in order to apply the desired voltages to *e *^ 

P^ly. the voltage cont«,ller .so include ^^^^^ '^^ "^J^r^nse the 
20 to the first, second, and tWrdintersecUons 38. 40. 44. respectively. 

.UagesprescntaUV^sc^^^ transport on .icro.nin.turi«d pW ^d 

.rLces. described above, is a viable approach for sample mampulat«n 
phase ^P^^^^j^^^Jr^r liquid chromato^aphy. The present invcmion also 
as a pumprng mechanism to nq ^ 
25 entuls the use of electroosmotic flow to n« jno ^ 
a Whtti wi appTOpTialt fluid is pvacea m a 

„OTapoi»ta^y appropnue immiii ,_™,ed m )»ircvH snwps. P"""" 



eJ^E 0) 



t t PCTAJS95/0M92 

L WO 96/04547 

10 



. p U the didectric constant of the fWd. 4 is Ae zeta 
.. .>„ d«.ric Sdd Jlrowll". Ttai. declioosn»M. cjn oe u» 



mechanism 



disowsalmn""""™'*^- . retorf to i» certain 

„ decuod-ron-WS-pto .cpru.™- * 42 c» be use* 

. J- - . «*naration chaivnd or column. The reacuon 

chamber 42. The nwui»« , „ fnr «enantion The «xih reservoir 22 can 

b. mployed to »aly« th. hWrt ™ ^ „Klion in the tot 

.0 ».« """"r.lSo'^ or b«. n«*« 

•n,<» laboratory microchip system lo mciuocs » ^ ... «r 

. in^ t ^ «. be » M.pr«dn«.d, .wo ta* b, •»= •«* ^ f 
(Kit Aown in Fig. ' J ~ vnL dro « • P"*"™" ™'«^' 

nalerUU m.y be tiscd, »■* as S-sed 5fl»a^ co« s ^ 
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voUs per ^ using ^cs^ ^^^^ of providing in^B w«ch :nay 

p„Mde insufficient dedrokinctic "«vem^t ^ 

The channd pattern 24 IS foiroed ma planar surraw chMuiel 

After fomdiig the chanivd pattern, a cover puns n». 
„ . H^ZtndinE technique whereby the substrate and the cover ph«c 
the substrate using a direct ^ ^ ^en joined. The 

assembly is then annealed at about 5w 
i other suitable means. The dectrode in ead» 

reuMng ctanod gpomeuy » "P™"™ „ edi» of the photoraisL taone 

35 concentrations. 
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. It rf Fumre 1 of the lame mimber without the A. For snnphctty. the electrodes 

to the volt^e co^o„er th. controU the t«,spo« of „»^.s 
throughthechMind»ystem24A«enotd»owi»inFiB"e3. , 

The microdup l-bor;do,y 5y«em lOA *own .n F.p.rc 3 contrcls the 
r . • I ft«mit.« first TewrvoirnAtrMsported through tl-eimerseciion40A 

• »i«t voltaae be changed or removed from one (or two) reservoirs wia 

«J«g«l vi« of .he 40A i. 3ho«. » The 

«. obuun ft. ^ •7,^""'. „ch ,h« ril of *. «ra 

^I^rlOAi. solely Ihe second il.«Bitffto«><h= wood «!Mvo.rl6A. 
" 40A. ft. po-eod- « *e sc«.«. »sc^- «A «o b. swUched ». a v.ue ^s ft., ft. 
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potential of the first resavoir 12A or the potentlaU at reservoirs 16A and/or 18A. can be 
floated momentarily to provide the flow shown by the short dashed arrows in Figure 4. 
Under these conditions, the piimary flow will be from the first reservoir 12A down 
towards the separation channel waste reservoir 20A. The flow fi^im the second and 

5 third leservoira 16A, ISA win be smaU and could be in either direction. This condition is 
hdd long enouiPi to tnmsport a desired amoum of material from the first reservoir 

through the intersection 40A and into the lepatation channel 34A. After suffidem tunc 
for the desired material to pass through the intersection 40A, the voltage distribution is 
switched back to the original vahies to prevent addiUonal material from the first reservoir 
IQ 12A from flowing through the intersection 40A toward the separation channel 34A. 

One application of such a "gated dispensed is to injert a controlled, 
variable-sized ph»g of analyte from the first resenroir 12A for elecirophorrtic or 
chromatographic separation in the separation channel 34A. In sudi a system, the finrt 
reservoir 12A stores analyte. the second reseivoir 16A stores an iomc buffer, the third 
15 reservoir ISA is a first waste reservoir and the ftxirth resenroir 20A is a second waste 
reservoir To inject a small variable plug of analyte from the first reservoir 12A, the 
potentials at the buffer and first waste roscrvoin 16A. ISA are rimply floated for a short 
period of time (« 100 ms) to aDow the analyte to migrate down the separation column 
34A. To break off the injection plug, the potentials at the buffer reservoir »6A and the 
20 first waste reservoir ISA are reappUed. Alternatively, the valving sequence could be 
effected by bringing reservoirs 16A and ISA to the potential of the iniersection 40A and 
then returmng them to th«r original potentials A shortfall of this method » that the 
composition of the injected phig has an elecirophoretic mobility bias whereby the filter 
migrating compounds arc tatroduced preferentially into the separation column 34A over 

25 slower migrating compounds. 

In Figure 5. a sequential view of a plug of analyte niovmg through the 
intersection of the Figure 3 embodiment can be seen by CCD images The analyte b«ag 
pumped through the Uboiatoor system lOA was rhodamine B (shaded area), and the 
Orientation of the CCD images of the injection cross or intersection is the same as m 

30 Figure 3. The first image. (A), shows the analyte being pumped through the mjecdon 
cross or intersection toward the first waste rescnroir ISA prior to ihe injection. The 
second miage. (B). shows the analyte ph>g being injected into the separation column 
34A The third image. (Q. depicts the analyte plug moving away from the mjecUon 
imei^tion after an mjectioo pUig has been completely mtroduced into the separation 
35 column 34A. The potentials at the buffer and first waste reservous 16A. ISA were 
floated for ICQ ms while the sample moved into the separation column 34A. By the tune 
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of the luj image, uic wiv»w or*^ — _ 

throu J» L i«i«secUon 40A Into the separation co.^ 34A. ««l .^ccuonp^ 
wUh . length of 142 n« ha. been introduced into the «y.iation colunu.. As di$cu«ed 
bdow the gated injector contributes to only a minor fraction of tiie total plate haght. 
The iiection plug length (voUnne) U a fimction of the ^^-^fl'^^^'^^^J^'^^ 
electric field «rength in the cohimn. The shape of the mjccted plug ,s dcewed ri^h^ 
becuise of the directionality of the deaving buffer flow. However, for a gnren .njectton 
period, the reproducibility of the amount injected, determined by integratmg the peak 
area. tsl%IlSO fiat a series of 10 replicate injectioos. . . • v 

BectTophoresis e>q«riments were conducted us.T.g the microchip 
Uboratoiy system lOA of Rgure 3. and employed methodology according to the present 
invention. Chip dynamics were analyzed u«ng anslyte fluorescence. A charge coupled 
device (CCD) c«nera was used to monitor designated areas of dup _^ a 
photomultipher tube (PKfT) tracked single point events. The CCD (Prtnceton 
Ltruments. Inc. TE/CCD-SimCM) camera was mounted on a «ereo microscope 
(Nikon SMZ-U), and the laboratory system lOA was iUuminated us.ng an argon ton la«r 
S14.5 nm. Coherent Innova 90) operating at 3 V/ with the beam 
spot . 2 cm in diameter. The PMT. with coUection opttcs. was situated below the 
microchip v^th the optical axis perpendicular to the microchip surface The l^er w« 
, operated at appro«mately 20 mW.«ul the be«n impinged upon the 

:^fh.m thLcrochip surface «^ paraUd to the separ^^^ 
I^PMT observation axis were separated by a 135' angle. The po.nt detea on scheme 
a hdium-neon laser (543 nr., PMS Electro-optics LHQP^51) w.t^^ an 
r^eter (Keithley 617) to monitor «sponse of the PNTT (Orid 773«^^The voltage 
5 controller 46 (Spellman CZE lOOOR) for electrophoresis was operated between 0 and 
+4 4 kV relative to ground. * . 

Tl« we of B*"" " ' 

d«B™*.«ic moMU, ta«<l bto « -o co.«mio«al d«««»nobc mjccunns^ 

1 ft. «p«fio« Cl»n«. J4A b, . ».«r is pr»«ly comrolW b, *e d«mc3l 
''°^* ™*«.i.,> of .h. gue- dl.p»«. IBA •« «. dib«. or dcs,»l 
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^ w -1. tAk 30A need to be in«nt«in«i higher than ihe 
i„ the fint «d .econd channeU 26A, 30^ ".^ ^ ««« the miueii.1* 

pc.«^ofthci„.c«cction40Ad„nng»^^^ ^t^ghthe 

the fi«t «d 7-^-"^- ^"^^ ^potenJ appBed . the fi«t 
' cL^ X-cd « dclli to «:«ovc .he .elected 

^ -r^^,^'^^^ ^eTg Ihe dcsbcd -nour. of each -utcnal 

concentratwn of each mattfuU. An a»P » ^ ^ 



increased 

>e trani-pofted 
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intersection 40A toward the third reservoir 30A. 
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.«<».>p»«tag ««v».r mo«.«d 40B. Ti«: oppoA. »ls <t 
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hereiii simulianeouriy cortroUing dectrical potential* at plural reservoirs meaas that the 
dcctr^ are connected to a operating power source at Uie nme chcnUcaBy significant 
time period. Floating s i«ervoir means disconnecting the decirode in the reservoir from 
the power source and thus the dectiical potential at the reservoir is not controlled. 
5 Inthe "run" mode, a potential is appUed to the buffo, reservoir 12B with 

reservoir 20B grounded and with reservoirs 16B and 18B at approximately half of the 
potential of reservoir 12B. During the mo mode, the relatively high potential applied to 
the buffer reservoir 12B causes the analyte ui the intersccaon 40B to move toward the 
waste reservoir 20B in the separation column 34B. 
jQ Diagnostic experiments were performed using rhodamine B and 

sulforhodamine 101 (Exdton Chemical Co.. Inc.) as the analyte at 60 |iM for the CCD 
images and 6 mM for the point detection. A sodium tetraborate buficr (50 mM. pH 9.2) 
was the mobile phase in the experiments. An injection of spatialJy well defined smaU 
volume ( - 100 pL) and of smaU longitudinal extent ( » 100 ^ra). ejection is beneficial 
IS when performing these types of analyses. 

The analyte is loaded into the injection crass as a frontal 
dccuopherognun. and once the fiont of the slowest analr^e component passes through 
the injection cross or inlersecUon 40B. the analyte is ready lo be analyzed. In Figure 7, a 
CCD rniage (the area of which is denoted by the broken line square) displays the flow 
20 pattern of the analyte 54 (shaded area) and the buffer (white area) tiffough the region of 

the injection Intersection 40B. 

By pinching the flow of the analyte. the volume ot the analyte phig is 
stable over time. The slight asymmetry of the plug shape is due to the different electric 
field strengths In the buffer channel 26B (470 V/cm) and the sep.niation channel 34B 
25 (100 V/cm) when 1.0 VV is appHed to the btiffer. the analyte and the waste reservoirs, 
and the analyte waste reservoir is grounded. However, the diffis^it field strengths do 
not mflucncB the stability of the analyte plug injctted. Ideally, when the amJyte pUig is 
injected into the separation channel 34B. only the analjte in the injeaion cross or 
intersection 40B would migrate into the separation channel. 
3Q The volume of the injection plug in the injection crws is approxunatdy 

120 pL with a plug length of 130 jtm. A portion of the analyte 54 ir. the analyte channel 
30B and the analyte waste channd 32B is drewn mto the scpaiation diannel 34B. 
Following the switdi to the separation (run) mode, the volume of the ejection plug ts 
approximately 250 pL with a plug length of 208 jun. These dimensions are estimated 
35 from a scries of CCD images taken unmediatdy after the switd» is made to the 
separation (rode. 
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To determine the temporal stability of each mo . 
35 ^, . , 5 second inlen/ak starting just pnor to the 

fluorescence images were collected at 1.5 sccona 
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analyte reaching the injection intersection 40B. An estimate of Uia amount of analyte 
that is injected was determined by integrating the fluorescence in the interaecaon 408 
and ehanneb 26B and 34B. This fluoiescence is plotted vBiSus time in Figure 9. 

For the (nnched injection, the injected voltune itaKli/«8 in a few seconds 
5 and has a stabiUty of 1% rdative standard deviation (RSD). which is comparable to the 
stability of the iUuminatlng laser. For the floating injection, the amcunt of analyte to be 
injected into the separation channel 34B increases with time because of the dispersive 
flow of analyte into channels 26B and 34B. For « 30 second injection, the vohime of the 
iiyection plug is ca. 90 pL and stable for the pinched injection veisus ca. 300 pL and 
10 continuous^ increaang with time for a floating injection. 

By monitoring the separation channel at a po'mt 0.9 cm firom the 
mterscction 40B. the reproducibility for the pinched uijection node was tested by 
integrating the area of the band profile foUowing introduction mto the separation channel 
34B. For six injections with a duration of 40 seconds, the reproducibiUty for the pinched 
15 iiyection is 0.7% RSD. Most of this measured uistability js from the optical 
measurement system The pmched injection has a higher rcproducToility because of the 
temporal stabUity of the volume ii«ected. Witii decironically controlled voltage 
switching, the RSD is expected to unprove for both sAemes. 

The injection plug width and. ultmiately. the resohition between analytes 
20 depends largely on both the flow pattern of the analyte and the dimensions of the 
injection cross or intersection 40B. For this column, the width of the channel at the top 
is 90 pm. but a channd width of 10 pm is feasible which would lead to a decrease m the 
volume of the injection plug from 90 pL down to 1 pL with a pinchwl injection. 

There are situations where it may not be desirable to reverse tiic flow m 
25 the separation channd as described above for the "pindied- and "floating- injection 
sdiemes. Examples of sudi cases might be the injection of a new sample plug before the 
pitjcedmg plug has been completely eluied or the use of a post-column reactor where 
reagent is continuously being injected into the end of tiie separation cohimn. In the latter 
case, k would in general not be desirable to have tiie reagent flowing bade up mto the 
30 separation diannd. 

AltTmfl^" A'^»¥g Iniector 

Figure 10 illustrates an alternate analyte injector syr.em IOC havmg six 
different ports or channds 26C. 30C. 32C. 34C. 56. and 58 respcctivdy connected to sfac 
35 diffaent reservoirs 12C. 16C, 18C. 20C. 60. and 62. The letter C after each element 
number indicates that the indicated dement is andogous to a conesiwndingly numbered 
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processes. Techniques typically utilized for quantification include, but are not Bmited to, 
optical absoibance. refractive index changes, fluorescence emission, chenuhiminescence, 
various forms of Ranian spectroscopy, electrical conductometric measurements, 
dectrocheraical ampcriomclric measuraneats, acoustic wave propagadon measurements. 
5 Optical absorbence measurements are commonly employed wth 

comrentional laboratoiy analysis systems because of the generality of the phenomenon in 
the UV portion of the electtoraagnetic spectrum. Opticsl absorbence is commonly 
determined by measuring the attenuation of impinging optical power hs it passes through 
a known length of material to be quantified. Alternative approaches arc possible with 
10 laser technology mduding photo acoustic and photo thermal .'echniques. Such 
measurements can be utilized with the microchip technology discussed here with tiie 
addhional advantage of potentially integratmg optical wave guides on microfabricated 
devices. The use of soUd-sute optical sources such as LEDs and diode lasers with and 
without frequency conversion elements would be attractive for reduc.ion of system size. 
15 Integration of soUd state optical source and detector technology onto a chip does not 
presently appear viable but may one day be of interest. 

Kefractive index detectors have also been cormionly used for 
quantification of flowing sUeam chemical analysis systems because of generality of tfie 
phenomenon but have typically been less sensitive tiian optical absolution. Laser based 
20 implementations of refractive index detection could provide adequate sensitivity in some 
situations and have advantages of simpficity. Fluorescence emission (or fluorescence 
detection) is an extiemdy sensitWe detection techiuque and is comir orily employed for 
the analysis of biological materials. This approach to detection has much relevance to 
miniature chemical analysb and synthesis devices because of tiic sensitivity of Uic 
tedmique and the small volumes tiiat can be manipulated and analyzxl (volumes in the 
picoUter range are feasible). For example, a 100 pL sample volume with 1 oM 
concentration of analyte would have only 60,000 analyte molecules to be processed and 
detected. There are several demonstrations in the literature of detecting a single 
molecule in solution by fluorescence detection. A laser source is often used as tiie 
30 excitation source for ultrasensitive measurements but com«sitional Bjiht sources sudi as 
rare gas discharge lamps and Ught emitting diodes (LEDs) are also used. The 
fluorescence emission can be detected by a photomultiplier tube, photodiode or oUier 
light sensor. An array detector such as a diarge coupled device (CCD) detector can be 
used to image an analyte spatial distribution. 
35 Raman spectroscopy can be used as a ddection method for mjaodup 

devices with the advantage of gaining molecular vftrational infomuuion. but with tiic 
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, e the enrymc produce* . detectable product. There are n»ny exemples where such « 
ha, been u.ed in conventional laboratory procedure, to e«h«,ce dctea.or^ 
STw-bsorbence or fluorescence. A third example of a detection n«thod that co^ 
benefit fiom integrated mbdng methods '» chemaununesca.ce detection. In these types 
of detection «:en«io.. . reagent catriy« »e mixed with «n appropriate target 
molecule to produce ui excited sute molecule that emhs a detecub e photon. 

^'^'''^^o oAance the sensidvity of the microchip tabomtory ay«m lOD, an 
analyte pre^oncentration can be . performed prior to tl« separauon. Concentradon 
Jncement is a valuable tool espedally when analyzing env.roamen.al «rnpl« «d 
biological materials, two area, targeted by microchip technology. Analyte ^.aclang « a 

conv^ent technique to incorporate with electrophoretic a«dy«:. To employ analyte 
,tacld.«.theanalyteispreparedinabu«erwithalowerconductiv.^^^^^^^^ 
buffer. The difference in conductivity cause, the ion, m the «.Jyte to stack at the 
beglmung or end of the «ulyte plug, thereby re«dting In a conc.:ntrat«l analyte plug 
poln Lis detected more ea^ly. More elaborate preccncentration tecl^qucsu^^^^^^ 
L, and three bu&r systems, U.. transient isotachophoreiic precon^^rattoa It wUl be 
Td^t that the greater the number of solutions involved, the more d^rficdt the mjecuon 
> .cchnique is to implement. Pres»nce«tration step, are wcH «,ited for in.plcmcma^^^^ 
I nucLp. Electn,o«notically driven flow enables sepamion and «mple buffer, to be 
ol,Ued without the use of valves or pumps, tow dead volume connecUons betwe«j 
chamids can be easily ftbricated enabUng fluid manipulation with h.gh precision, speed 

andreproducbih^^^^ ^ ^ p„.cc,ncentration of the analyte is 

performed at the top of the separation channel 34D using a mod-^ed gated injecuon to 
s^k the analyte. r.rs, an analyte plug is mtroduced onto the sq,ara«on channel 34D 
Tng deCrooLtic flow. The analyte plug is then followed by .ore sepa^t^on bu^r 
L thebuff. reservoir 16D. At tlUs point, the analyte stacl« at the bound-n^^^ oj t^c 
10 analyte and separation buffers. Dansylated amino acids were used as the ^^'j'^'^ 
^^o" Jstackattherearboundaryofthean^ytebufferp^^ ^^TZ th 
Te -udyte stacking is described -ong with the elftcU of the .^kmg c„ both the 
«naration efficiency and detection linuis. 

^ T. onplo, . g««m«lion the '^"'""^ 

35 «.a«.i=»«di»W«.P"»n«irl2D«rfU« buffer U«o,cdmO« loft 
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dectioosmosis ftom the buffer «»^ i^b the 

— .!« im 20D Tlas buffer «rwm prevents tiie anaiyw u 

L I .s^r* Within ft teoresentative embodunant, tne i-aauw 

iZ^tivcuB « 1 . 0.9. 0. 7 «d 0, respciv^. 

Fof I kV .pplicd to the nuerochq.. the field rtrengi 
««te. «id separatipn chennels during the «pwt.on are 170. 130. 

'^^"^ To iniect the «.iayte onto the «paration channel 34D. the potentW at the 

,^tZ7^^S of tbe hi8h vohage switch) .or . brief penod of 
buSer reservoir 16D « floaieo \P9^^ . „ ^h.„«rf For 1 kV eppBed to 

anaMe. Y- fo' example, with a 5 mw sej^ 

■^«Uo« p™«l» fcr "'^^^ZL Jlr. .r. 5 mM) Shows 

V « 0 97 (the separation and sampic ounw » - , c 

iijoaion profile vmhr °^Z^,'91 A^*'^"^""^'^^^ 

„oa„H..*.io5ec«onC^.^^^^;'^.„.^^^ 
ample plug lenB>l» "f"**^ 
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cOvmcment due to packing incr««» ^th incre-ing relative ^^^^jj^ 
tI^I the enh^cementU listed for 8 fi«n 0.97 torn Aithough .he cnh«u«ncm « 

^.:i;^...0,the.ep.^o„^e^s^^^^^^^^ 
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«^ZL between the ««ld«g enh««mem ««1 «:p«t.on effia«^ -«be 
^^..lOhasbeenfoundtobeoptim-l. Por .eparatK,., perfom«:d usmg 
^iX^onswithy.97«,d970. didan,yWy««o «ul d«,yl-«olo.c«« could no 
r^ll due to a lo,s in effidency. AJ». because the »oecti.» proce. - tl. 

is confer controlled. ^ the eoh.mn is .ot ph>^c.«y 
ZZ, L reproducibmty of the stadced ir^ection, is 2. 1 % rsd (P- * 
deviation) for peak area for 6 replicate analyses. For c<«np«.sor, "on-stack^ 
SLonCa 1.4% rsd for peak area for 6 repUc«e «^ the p.^ 

S^ion has a 0.75-.4nd for peak area for 6 replicate ««ly»cs. T^csc «,n«po«J well 

values for larg^scal. con««dal. «.ton»tcd cap.=uy dcctrop^^s 
luL«. However, injections n«de on the microchip ^^'^^^^^'^ ^" 
voUune. e.g. 100 pL on the mioochip versus 10 nL on a conuneroal .nsuumcnt 
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Buffer streams of diffeiert conductivities can be acoiratdy combined on 
•.««.hins Described herein is a simple stacking method, althaigh moie daboi^e 
::S'^e^r«n be empk^ W i^Hcating a miox,chip with additio^ bJT. 

m addition, the leading and traiTmg dectiotyte bufim «w be selected to 
'^JS:^. ^ -Hnately. to lower the detection limits be^nd^t^ 
Vl^A ^ It is also noted that much larger enhancements are expected for 

lOO of FKWe 11 can b. empteyBl lo «*ie« decttopl»««lc ttfiMm of ». 
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.MA^ far many separation awttcations. The 
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"® "'J^te „«d ^ higher («0 V/cm ^ >00 V/« *• 
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of the sepaaior. „ ,he plmr ntoocUp llho«c«y !y««" "» 

» ' "^^ ' ' ™ ^is w« -«d over . ™^5e ««» 
^B.h. ftom 0.06 » .3 kVte^ ^^^^ ^ „^ ^ ^ 

^,«e4p«*s. ^ ^ of pUle. per «o»l f« the l.6mm and 
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uncharged species. AH neutral apeeie. m a P 

L«te non-ionic «»alytes. To ^^"^^ bonding . c«ver.. phase coatmg to 
^. ^Ar. «ms oicpafed hy chenucauy eon e , substrate to 



uiicctor ivM - „jx«n uich declrocnrom*-"B— f-'' ^ .« 

« remove the ^^ ^^^^rf ««,Mn» 440 (CW^ 

« ftrcscefll measurements oi 

mode and a separation («n jmo duomatopani traveUns 

HK. I. loaded into the injecUon cross via a no ^^^^^ the 

gujjyte u loaocu ...1^- waste rcserwoir loU. " j. »„ i,- 

««voi. WD "f*-^ i-^ecta. 40D. .he »»pf » » 

L ,.h fo. .he i„„ U» «,««io„ ch«,«. «D 

lOD in onler » °«»« • *°*^.f^ L»rilh». ch..«d. the awlyte mi 
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the bufifcr rescivoir 12D. Tlus method of loading ^ injecting tt« «inplc is timc- 

indeoendent, noihbiased and repiodudblc. 

I„r.gurel9.ach«»«at08««nofthecO««.«inBisshow.fcr.Iu,ear 

vdodty of 0.65 mm/*. For C440. 11700 plates «u cb««ved ^ch «™P°~^°J^ 
Z2 The most retained compo««t, C460. has «. effiden.^ .«riy « <*«»«^°f 
J^^de?oL«han(brC440.whichwasl290plate.. Tte undula^g t-^cground uj 
magniuHiB . substrate and 



the chroinatottrwni u oue » background - 

r^.s«» « too- Th«. "mp- «^»' «^ •^'-^ 

™ ^..d by . taor of .d. Emd««, i. a««.a, — ^ 
^rt«*. b. p^dic^d by a«.y. «. dte. ».y b. » ov-o-du, f o« 
mo«,l^ »rt=.»y o. kin..» .aim due to a- H,b vxd of th. « 

1- T .Trr' r"--^"""'^''"'''!"""'"'™'''™*^ , ,1,^ *ov. ,*h aspect 

1„ the dectrochroniKOgnpby cxpetmenu diiaisKd .bove 
u, »■«,« 19 ample oompon«u -P^ i""".*"" ' 

M to that of Bqiwd chromatography. 

25 tothato ^^^^^pj^^^t^ioDofBigurcUwasusedtopcrfbnnonan 

anaWte composed of neutral dye, coamaiin 440 (C440), coumarin 450 (C450) and 
analyte compos ro Inc-k individual stovk sohitions of each 

coumarin 460 (C460, Exaton Chemical Co., Inc.). ino.v ouai 
dv. were prepared in methanol, then diluted mto the analyse bu!f.:r before use. The 

!!Lon of each dye v«« appro^^ 

Itm^-i of "mM borate (pH 9.1), 50 mM SOS and 10% 

J^) melo.. The methanol aids in soluhHizing the coumarin dyes m the ^u^u. 
buffi system and also affects the partitioning of some of the dye, m,o the miceDes Due 
c Jl m^Te used in working with coumaHn dye, as the chemical. phys.cal, and 
35 toxicologicaJ properties of these dyes have not been fuHy mvesugatcd. 
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ayj^^ 1911 Analvris 

analy^s 



^nto^ system lOB of F,gun:6 or the labomonr system lOD of Figure 12 is 



ariBlysij 

to... Ite.pdcdp™p«to««lft.K«J.ait,rfHQSin«p«u..~toh-» 

u»l fcf daeoion of io« »p.™.«l b, ion .bn»««.,™p.^ 

,aa,«k».»dd««<>bi«ty of the ample, n. compoumU u«l for the eqKnmenu «e 
J^,rf6«.e«lmiumri«.^««l*™ta»"*">«- Tb.l«.fei.«=di™>pl»*h«e(«) 
15 nM. pH 6.9) wiA .- h,d,»OT"in=lh»-5^1fonic pa mM for .« e-penmo-a 
^ r,gJ 5; Si,™ Che^ctf Co.). A, U« 50 .nM »di«m pho^ bu«-« 

provides gio>lervijiKlityttangI«M«*s™» . .... ■ , 

The floalmg 0. pinched «.l»te lo^Iiiig. « d=»"l»l pre"™* 

M re,pea»F«u«fcUu«d»™»P»««>«'«*«'°>^7'«''";""^ 

»riumeof»nipleU.fi»Ktionof*e»mplelMding*« Be».» the ample iMdnj 
,i»e inveneU ptoporto™! ,o the Bdd a«Wh used, for high injccftm field |««.B«h3 
.S«rt.ri.O«»ionUmei.ased.h»forlowinj.e.i«.lUld««n^^ For «Hmple. for «. 

25 ityeedon field ««Wh of 630 W» (Rgur. 3ft *• bjecio. " '•/tl',^ 
i4«:U0«fidd «ra«U. of 520 V/cm (Bg-e 3b^ the in^»on .«« » " 
Tmehed end floetas -"P" loading e«, be used «i.h ««1 »«bou. »pp««.a. oft*. 

*°"""^rl.s21» »d 21(b) *.« «.e «P«.ion of .h« io™ 
50 .omptoc»l ^h),dro«y,ul«ol».-5-"lf<»>i» ««■ Al. .h«. c.«.pta« h»e . n« 
Sive*^ WiU, the el,«roo«».ie fiow «l.i«to- b, the cov*» bondi^^ 
X^J. to «« Channel «n. neg«iv. poto*-. - 6^"^ - 

^plt. .h. con-plexe. dunng ^ lo^ ^ >" ^T21t 

«M the seperuio. channel field «ren#h U «70 B«l 720 V/cm. «p»a».d,. «rf .he 
,5 Za^Xk is 16.5 m™. ^ «>l»me of the injection plug U >20 pL ^h 
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orto the scpatafioo column. The»v«gc rep ^p^^. 



microchip 



A ui»,«te Buciochip Wbortioiy s)r»w»" • .gg, 

Bucfocnv ^ ^^^^ ,«i with a cover sbp 49B 

fiva^iort patten, of cVu»^ •« ^ ^^^^-.p ^.^o.^ory system lOE 
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po oM. ,H 9.2) «* » (vM "-l-"- TpA „a d»d»«tot B 

^ «. -11 t««t> The concertrrtions of the immo ta^ "'''^ 

The sch^nalic viewm Fig»« 23 demons«tes one -Pl^^J^^ 
. With this vohege configunfion. the d«*ric fidd strengths 

appUed to the entire system. With tws vomg » ^ffi fE„ ^ ire 200 and 425 

, , ,Ax: m \ urn! the reaction channo 30li {pnmi "* 

pans t»S»> « *« ™™» " „._,„.a~cle lime for multiple inrflMs 

cohimn (EJ ™ "»«°'° ,M 245 uui 225 um for irsi-ine. glyeme end 

130. and 120 fimol uijecico ror anju- e-j . ^^^^ goi^mn length 

detection is 6.5 mm downstream ftom the mnang tee whicli gives to 
ofl3.5mmfor*esepa«tionandTe^«^^ 

The reaction rales ot we aironu awiw« 

iiics iMVM ^^,«.ritc An increase in the oano 

dl«ortia» *««a b.c»«^ ^ of u»e«.«> 

*TjlcTXrve.oal.s c«»i.8 . br...cni,» of U» »»Ve 

^ A. "/r^'ij ,„„hn«.i«d .mi.0 «id. TO »»u« .to. U» 

^^r;r;s«. ^ ^^^^^^ ^^-^ ^ 

is " l^^e!^^™""** i, boU, *e «P-*o. -umn ^ 
To tts. .be effloeoqr Hwdamine B. «cs i«d « . probe 

" Sirrmrr:rs:irr»ompi»i.bs«-f-^.--'--- 
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T^- Z L JL»«d » txtoMd " the in««. of Ih. vetociv of*. iMlya At 

tf« «p^o« <1«B.« of • (IT y,,^ bchwio, i. 

IiddM datt Jecrrases torn 140 V/an to 2»u vionio .^■^..i 

... . u '-v. ^..m^ iwilh mcrcasbg linear vdocity. For - 1400 v/cm. 

of 240. 4.0. 9M ^ ,0 tKs 4 5 talf-tim. of nanion. A. the SeW 

do>»Mi™m b«aua lite 81>ci~ ««' " 
from the mixing we foUowiog ihe mixing of the 
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The sepantton u^ng the post-^sepamion channel reactor employed a 
gated injection scheme in order to keep the anatyte, buffer and reagent streams isolated 
as discussed above with respect to Figure 3. For the post-ieparation channel reactions, 
the nncrochip was operated in a continuous analyte loading/scpai'ation mode whereby 

5 the analyte was continuously pumped from the analyte res^oir 12E through the 
injection mtersection 40E toward the analyte waste reservoir 18E. Buffer was 
simuttaneousty pumped from the buffer reservoir 16E toward the analyte waste and 
waste reservoirs 18E, 20E to deQect the analyte stream and prevent the analyte from 
migr«tu% down the separadon channel. To inject a small alti;uot of analyte, the 

10 potentials at the buffer and analyte waste reservoirs 16E, 18E are simply floated for a 
short period of time (mIOO ms) to allow the analyte to migrate down the separation 
channel as an analyte injection plug. To break off the injection plug, the potentials at the 
buffer and analyte waste reservoirs I6Ey I8£ are reapplied. 

The use of micromachined post-column reactors can improve the power 

IS of post-separation channel reactions as an analytical tool by minirrizing the volume of 
the extra-channel plumbmg, especially between the separation and reagent channels 34E, 
36E. This microchip design (Figure 22) was fiibricated vnth modest lengtlis for the 
separation channel 34£ (7 mm) and reagent channel 36E (10.8 nun) which were more 
than suffiaent for this demonstration. Longer separation channels can be manufactured 

20 on a similar size microchip using a serpentine path to perform more difficult separations 
as discussed above with respect to Figure 12. To decrease post-mbdng tee band 
distortions, the ratio of the channel dimenuons between the separation channel 34E and 
reaction channel 56 should be minimized so that the electric fiiJd strength in the 
separation channel 34E is large, Le., narrow channel, and in the reaction channel S6 is 

2S small, i.e., wide channel 

For capillary separation systems, the small detection uslumes can limit the 
number of detection schemes that can be used to extract information. Fluorescence 
detection remains one of the most sensitive detection technit]ues for capillary 
electrophoresis. When incorporating fluorescence detection imo a S3*5tem that docs not 

30 have naturally fluorescing analytes, dcrivatization of the analyte musi occur either pre- or 
post-separation. When the fluorescent "tag" is short lived or the separation is hindered 
t>y prc-separation dcrivatization, post-column addition of derivatizing reagent becomes 
the method of choice. A variety of post-separation reactors have beea demonstrated for 
capillary elcctrophore»s. However, the ability to construct a post- separation reactor 

35 with extremely low volume connections to minimize band distortion has been difficult. 
The present invention takes the approach of fabricating a microchip device for 
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singtc monoBlWc device enabbng «trcinely low 

Channel functions. 

^ ^cHp «««n .how... 

^ ,« „ give '^^^^^ u « .n, « h-f^* 

^TZ:TX C^^> •n^wr.i.-.of.^ 

,„a«p»e<h«ol. 2-m««I>toc«hwol » -o 

dairttetion naalon. j„ ,4F, 16F. UP. "«> ^ 

To taptemen' «» "° 7, ^ , ay HV. .2 HV. 

tteeding of *. ^„^Aluh*.PO»«i>' .ppM <o »*of 

„ .^"--'"'--'•'^nrl Z^»o«> «^ 

the first reservoir i^r 
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7 ,06 Th«*«, the fi«nlh=»«l»t.«rfr»eo«»«««l».»f« 

5 ^ 

i^"^ 

.1. Ucclioo olm the potMW « Ike Mfa mBYoIr I6F u «PP wl The taiglh cr 
te wSr»^ U .f bcu, *. «n« «f miecdo. .nd *e ..ecUK «.W 

• „:Ler. ^.caon. *e " : 

. . „ 100 Bl. on the microchip versus 10 nL on a conuneiual instmmcnL Part or 

""'"^ Figure 27 *. «.He, .f U.« ...cttopho edc -P"-^" ^ 

Tii« field strenRlh m the reaction chamber 47f ts I3u vion. 
. -ZiZLly rdaKd .o to for »pnm. n,. r««o„ 
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, * The galed iiyccior 

0999 for •rginine wo <••'»» 

kV/cm. . —fe, ,0 u» mcrochip labonW ir«» 

„^ Un» to *. '^J'r^^-r. ^ »f F«* c. P»««»> •»* 



to P»to*. ch»M 1^™=-^ 

30 

m^M!^ , . ^^ biological anrfyis procedure. . J^mcu- 

To demonstrate » uscni » ocrTonned sequentially on the 
^- .nd elccuophorelic sizing ocpenment are pc 

in Figure M exctpt the OT« 
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.K The sequence for plaanud pBR322 *nc the recognition 

sequence of the enzyn« Wrf I»« ^^uos usnig 

fi^nt disiinmtion » l»erf<«^^ For these 

dectrophoreais in a ^eving m^inim H. , fixed point 

M ill the UNA. onyme wd wasie i tes" . |,ydco»ycthyl 

units^Hl. respectively. tnc i«b 
25 temperature (ICC)- ^« electrophorciically loaded into the reaction 

chamber 42G from th«r '"P^^* (^G). ««yme (14G). buffer 

electrical potentials. The '^^^V;;*""^^^^ ^ io%. 10% 0. 30%. and 100%. 

30 respective^. I'-;^^^^^^^^ Also, due to 

enzyme, the loadmg penod « ^ ^f^^onA m«mg occurs, 

the small volume of the reaction chamb^42G. a ^^^P^^ ^ Unear 

The eleclroosmotic flow is m«um.zed ^ tn ^ ^^^.^ 

polyacrylamide. thus oriy '^'^^^^^^^^l,,^ distributions us«l. The reaction 
35 14G into the reaction ch«n^ '^^^^^^^o digestions, e.g. Mg^'. ^ also 
buffer which contams cauons. requ.rea ror 
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^ lo.*« the ~c»» d-«4« «o «■ 

FoIlo»tog th. • jUteL to *. bufto »«1 ««• • 

^oi,. 16F. l«F. The i.^ ' *. ^ 

^ 0.12 ;ttes. ^^^J^^.,^ «F c^ot 

i„c«uB With lnc««m8 e**™!"" „^ fi.g„«« b.ving hieber im«mt« 

*rrii»=« " T55 3.1 % 

PW). n»p».i«ly. fb. 5 "l^^^r^ libontot, W«cr.. >0G tka P=*n» 

^ ^-rrrr t^. 

consuming 10,0^^ 

.„«.tocd to *ir«« P»~ " 
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• . Allowed W post-coUunn lrt>e'ing f«clion» in 
cVon^OB^pHy sepa^^on « pulped I- *e 

^cation cJ-imd oth^ '^^^fjl^ „d known concenWii^- To «cc«te 



15 e.g, «*» ""I 



To «ecut. *» !>"»«>. « ^.^B deKribed .bo« tooV 

^ ^ «h»n» of r„ te» «n=u, s«»«m • ««" 

30 bbering !««<««<» 
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lefidd strength 
channel. Inadi 



the channels nmrt also be known. _ w« «marior 2 v*ere K is the 

The lesistance of a channel ta gwen by ecpiatior z wncre 
The resittance cross-secuonal 



length 

area. 



10 



characterized 



above. 



IS 



20 



divided by the cross-seciional wea as *own in equtfon 4. 

(4) 



25 



Thu,. if the channel is both dimensionalty and elecrically chaiacterized. 
, . ?LssThe channel or the current through the ch»nel can be used to 
T " Tt^^o^ lat™ flow rate through that chanr.e. ... «pccss«i in 
determine the solvent veioaiy j. nctential of the surface 

equation 5. It is «l»o noted that fluid flow depends on the «ia patent 
„d thus on the chcnucal make-ups of the fluid and surface. 



Vj oc 1| oc Flow 
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M docriM the <le«ic« -hown 5dw«Ktfj " F>8"« " "^^^^ 
c . ninioses fof amn^ Fi8«re31(«), 3I(k). "IcI »»" 

^ ekaond 34 «<1 the 12.14 »«« 

XBO B Afler . «P«s»t«ivc volume pn«nttd .. ftc 
. J. also directed towards the scparatjon cnanna. i r« «" 
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r .«»«i«ts I ird 2 irc changed from a 
^„ T^rr 2 T^tlln in «^ The U«r 

5 .pprepilaie ™" 

jOTi , dctectiMe spedei ,„w,bs to 11* wriai» 

,0 opcmion. «uc volugc. «e 1». 

Thu., U„ .■»!,« r««o, I» « « »" V,,'^, „8ici»tly bl™ *« 

Kgto po«..W. The p..«»«> "TT.Z^ flow U« ""^^ 

to provHfc » net Bow tow"* <w 

nag"'™''^ , moic doictel in Figure JIW. IlK potenlidJ 

..oving «. tta ™n («-<)^'^ rtx ».«« *»n 

„^«.-in..^.-»;«^-J^7^ 

20 solvent. iesem).n 12 and 14 b™*^^^ 

.,p.„pd«. flow of re.g»« ^ the fi« 

The w».. 20 now need. » be « * „ rf^«d «. pn«d. «>e 

« figure 3,0.). Al».-.hown" 

flow direction. ««1 "7^^" " ,2 end 14 .re «ono,omc11y 

r,gure32. the voU.,.. „«Je e.«i=n ot .olven. 1 to . Urge 

eh,„g9l ,0 n«w. fton. the eond,t«,ns of . lerge no 

" «.eh .0 the h^ect 

^ in 32 «. on^W .0 be ^ «»c to the «no» 

juid flow, in f-g""' "<*'^'\"' 



PCT/US95/09492 

WO 96/04547 

46 



While advwiUgeous embodiments have been chosen to iUuslrate the 
invemion, it ^ be undewtood by those ikined in the irt thai various changes and 
modifications can be made therein without departing from the scope of the imrcnlion as 
defined in the appended claims. 

S 



Wo 96/04547 



47 



PCT/US95/09492 



Claims 



1. A microchip laboratory system for analyzing or synlhesizine chemical 

""T^y havtag in-grated channels comtecting a pluraUt, of reserve, whc^ a. 
least five of the reservoirs simultaneously have a controlled electrical potential as»c«ted 
^ Ihthatmaterialfromatleastoneof theteservctois tran^ 

leas, one of the other ,es«voirs to provide exposure t» one or m^e sdected chem«I 
environments, thereby resulting in the synthesis or analysis of the chemtcal ma.er«l. 



2. 



The system of claim 1 wheran the material transported is a Ouid. 



3 the system of claim 1 , further comprising: 

a first intersection of channels connecting at least three of the reservoirs; and 
means for mixing materials from two of the reservoirs at the first intersection. 

4 The system of claim 3 wherein the mixing means includes means for 
producing an electrical potential at the first intersection that is less than the electrical potential at 
each of the two reservoirs from which the materials to be mixed ongmate. 

5 The system of claim 1, further comprising: 

a'first intersection of channels comiecting first, second, thirf. and fourth reservoirs; 

means for controUing the volume of a first material transported from the first 
reservoir to the second reservoir through the first intersection by transporting a second material 
from the third reservoir through the first intersection. 

6 The system of claim 5 wherein the controlling means includes means for 
transporting the second material through the first intersection toward the second and fourth 
reservoirs. 

7 The system of claim 5 wherein the controUing means includes dispensing 
means for transporting the second material through the first intersection in a manner that prevents 
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the first material from moving through the first intersection toward the second reservoir after a 
volume of the first material has passed through the first intersection toward the second 



reservoir. 

8 The system of daim 5 whereto the controlling means includes dilutins 
™eans for mixing .he first and second materials in the first tot^section in a ma.^ that 
simultar^ousl, transpom the first mi second materials from the firs. m«rsect»n unvard *e 
second reservoir. 

9 The system of claim 1 wherein the integrated channels include a first 
channel connecting first and second reservoirs, a second channel comiecting third and fourt. 
reservoirs in a manner that forms a first intersection with the first channel, and a third channel that 
connects a fifth reservoir with the second channel at a location between the first mtersection and 
the fourth reservoir. 

10 The system of claim 9, ftirther comprising: 

mixing means for mixing material from the fifth reservoir with material transported 
from tiie first intersection toward tiie fourth reservoir. 

11. nie system of claim 9 wherein the third channel crosses the second channel 
to form a second intersection, the system fiirther comprising: 

a sixtii reservoir connected to the second intersection by the third channel. 

12 The system of claim 1 1 , further comprising: 

means for transporting material ftom the fifth and sixth reservoirs to simultaneously 
move into die second intersection. 

13 The system of claim 12 wherein tiie transporting means transports tiie 
material from tiie fifth and sixtii reservoirs tiirough the second intersection toward the first 
intersection and toward tiie fourth reservoir after a selected volume of material from tiie first 
intersection is transported through the second intersection toward tiie fourth reservoir. 

14 A microchip flow contirol system, comprising: 

a body having integrated channels connecting at least four reservoirs, tiie channels 
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fonninB a first intersecdon wherein at least three of the reservoirs simultaneously have a controUed 
™,^tial associated therewith such that the volume of material transported fn,m a fust 
1 s«.nd reservoir through the first intersecdon is selecUvely controlled solely by d« 
;^.ent of a material from a durd reservoir through the first intersecdon toward anod>er 

reservoir, 

15. The system of claim 14 wherein die material transported is a fluid. 

16 The system of claim 14, fiirther comprising: 

controlling means for transporting d,e second material from die diird reservoir 
through die first intersection toward die second reservoir. 

17 The system of claim 16 wherein die controlling means includes dispensing 
means for transporting d« second material dirough die first intersection in a manner diat pre^^ 
the first m3f.om moving dirough die first intersection toward the second ™^ 
selected volume of die first material has passed dirough die first intersection toward die second 

reservoir. 

18 The system of claim 16 wherein die controlling means includes diluting 
means for mixing die first and second materials in die first intersection in a manner t^t 
lultaneously transports die first and second materials from die first intersecdon toward die 
second reservoir. 

19 11,6 system of claim 14 wtiercin the integrated channels include a first 
comcctog the firs, and s»x».l tesemte. . second channel connecting the <>^ ™ 

. fc«h ^se^oir in . manner that tems a first inte^cdon »i.h d» firs. ch»nd. and a thrt 
Channel that conn«u . fifth reser^ir with the second channel at . locatK«, b=tw«=n the first 
intersection and the fourdi reservoir. 

20 The system of claim 19, fiirdier comprising: 

mixing means for mixing material from die fifUi reservoir widi material transported 
from die first intersection toward die fourdi reservoir. 



21. The system 



of claim 19 wherein die tiiird channel crosses die second channel 
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at a second intersection, the system further comprising: 

a sixth reservoir connected to the second intersection by the third channel. 

22 The system of claim 2 1 , furttier comprising: 

means for transporting material from the fifth and sixth reservoirs to simultaneously 
move into the second intersection. 

23 . The system of claim 2 1 , further comprising: 

means for transporting material from the fifth and sixth reservoirs through the 
second intersection toward the first intersection and toward the fourth reservoir after a selected 
volume of material from the first intersection is transported through tiie second intersection toward 
the fourth reservoir. 

24. A microflow control system, comprising: 

a body having integrated channels connecting at least four reservoirs, wherein first 
and second reservoirs of tiie four reservoirs contain first and second materials, respectively, a 
chamid comiecting the first reservoir and a tiiird reservoir forming an intersection witii a chamiel 
connecting tiie second and a fourth reservoir; and 

a voltage controller that: 

appUes an electrical potential difference between tiie first reservoir and the 
tiurd reservoir in a mamier that transports a selected, variable volume of the first material from 
the first reservoir tiirough ttie intersection toward tiie tiiird reservoir; and 

after a selected time period, simultaneously applies an electrical potential 
to each of the four reservoirs in a manner tiiat transports tiie second material from flie second 
reservoir tiirough ttie intersection toward the tiiird reservoir and tiiereby inhibits movement of tiie 
first material tiirough tiie intersection toward the tiiird reservoir. 

25. A metiiod of controlling tiie flow of material tiirough an interconnected 
channel system having at least four reservoirs, wherein a first reservoir of tiie four reservoirs 
contains a first material, tiie interconnected channel system having integrated channels connecting 
tiie reservoirs, tiie channels forming an intersection, tiie metiiod comprising: 

applying an electrical potential difference between tiie first reservoir and a tiurd 
reservoir of tiie four reservoirs in a manner tiiat transports a selected, variable volume of tiie first 
material from tiie first reservoir tiirough tiie intersection toward tiie tiiird reservoir, and 
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of four i. a ■nan.er n^v^e.. of U,e flrs. ..a^ml *««gh .he 

intersection toward the third reservoir. 
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FIG. 3 
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FIG. 5(a) FIG. 5(b) FIG. 5(c) 
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FIG. 6 
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FIG. 8(b) 
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FIG. 9 
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